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ON THE  QUESTION  OF THE
[194
Referring the motion to cylindrical coordinates z, r, 6, parallel to which the component velocities are w, u, v, we have*
du    '<?_dQ      to    w=ldQ      d^ = dQ dt~r~dr'     dt     r ~ r d6 '     tit      dz}
d_    v_d_
d
where — Q= V + p/p, [and V is the potential of the impressed forces].
These are the general equations.    In order to apply them to the present problem of small disturbances from a steady motion represented by
u = 0,   v = 0,   w=*W,
where W is a function of r only, we will regard the complete motion as expressed by u, v, W + w, and neglect the squares of the small quantities u, v} w, which express the disturbance.
Thus,
du    wdu__dQ                                m
Tt+ w ds-fo' ........................... (1)
dv    wdv _dQ
di+y] dz~^de> ........................... (2)
udW    dw        dw_dQ
U dr +~dt+W~fa~te' ........................... (d)
whichj with the "equation of continuity/5
!<TS} + * + r*2_0, .............................. (4)
dr       do       dz                                             ^ '
determine the motion.
The next step is to introduce the supposition that as functions of t, z, 0, the variables u, v, w, and Q are proportional to ei(-nt+ks+se\
We get
*(n + fcF)« = ^,       (n + kW)v = ^Q, ............... (5)
dW u~r- + i(n + kW)w =ikQ,    ..................... (6)
-r- (ru) -}- isv + iknu — 0 ......................... (7)
From these equations three of the variables may be eliminated, so as to obtain an equation in which the fourth is isolated. The simplest result is that in which Q is retained. It is
2/<         ^^_0                       /RX
~^TkW d~r ~dr ' ° ............. (8>
Basset's Hydrodynamics, § 470.ere are kindred problems relating to the behaviour of a viscous fluid in contact with fixed walls for which it can actually be proved* that certain features of the motion which could not enter into the solutions, were the viscosity ignored from the first, are nevertheless independent of the magnitude of the viscosity, and therefore not to be eliminated by supposing the viscosity to be infinitely small. Another case that may be instanced is that of a large stream of viscous fluid flowing past a spherical obstacle. As Sir G. Stokes has shown, the steady motion is the same whatever be the degree of viscosity; and yet it is entirely different from the flow of an inviscid fluid in which no rotation can. bo generated. Considerations such as this raise doubts as to the interpretation of much that has been written on the subject of the motion of inviscid fluids in the neighbourhood of solid obstacles.
